The reactions of hydrated electron (eAa,) and hydrogen atom (H') with 4,6-dihydroxy-2-methyl pyrimidine (DHMP), 2,4-dirnethyl-6-hydroxy pyrimidine (DMHP), 5,6dimethyl uracil (DMU) and 6-methyl uracil (MU) have been studied at different pH values using pulse radiolysis technique. The second order rate constants obtained for the reaction of eL,, with these systems are in the range 5-10 x 10' dm3 rnolL1 s" at near neutral pH. At basic pHs, the rate constant values were considerably reduced due to the electrostatic effect between e,, and pyrimidine anion. The transient absorption spectra of the electron adducts of DHMP, DMHP, DMU and MU have distinct absorption maxima at around 300-320 nm. The decay pattern of the electron adduct spectrum of DHMP was different from the other three pyrimidines. The initial spectrum at pH 4.5 was found to undergo a first-order transformation and to form a dfferent spectrum after about 40 ps with a maximum around 380 nm and a broad absorption between 490 and 520 nm. Based on the spectral characteristics and the yields of methyl viologen radical cation (MV') resulted from the electmn transfer reaction between the electron adducts and MV~', it is proposed that a protonated (at oxygen) electron adduct of DHMP is initially formed at pH 4.5. This undergoes a proton catalysed transformation at lower pH and forms a reducing C(6)-ylC(5)l-I radical. A phosphate catalysed protonation at C(5) also yields similar radical. Such preferential protonation at C(5) is more predominant only with dihydroxy pyrimidine systems. At pH 9 and 13, formation of a radical monoanion of DHMP (pK, 213) is proposed. The possible attack of e-, is proposed to be at the N(1) or N(3) of DMHP. The resulting electron adduct has a pK, value around 6.0. Similar properties for the electron adducts of DMU and MU (electron attack at O(4)) are proposed. The phosphate induced transformation of the initial electron adduct were not observed in presence of 0.3 mol dm" phosphate with DMHP, DMU and MU (i.e, k < lo4 s-'1. The second order rate constants for H' with DHMP, DMHP, DMU and MU were in the range 1-20 x 1 o8 dm3 rnol" i'. The rate constant values were affected by the pK, values of the parent pyrimidines as H' attack is electrophilic in nature. The hydrogen adduct spectra were generally identified as their absorption maxima at 310-380 nm and at 460-510 nrn.
end products of the reaction of e-,, with DHMP and DMHP with the help of HPLC connected with electrospray mass spectrometer (HPLC-ES-MS). To our knowledge, this is the first attempt to analyse the products resulting from the reaction of electron with a DNA model system using HPLC-ES-MS which has several advantages over other conventional techniques.
3,l Acid Base Properties
DHMP is reported to have three different pK, values (0.21, 6.35 and 12.9) and exists predominantly in the monoketoImonoenol
The pK, values of DMWP were experimentally determined as 3.15 and 9.9. Two pK, values (2.7
and 9.8) were determined in the case of DMU. The reported pK, value of MU is 9 . 5~~~ and the experimentally determined value was 9.5.
Reactions of Hydrated Electron (e-,,)

Kinetics
The second order rate constants of the reaction of hydrated electron with DHMP, DMHP, DMU and M U in N2 saturated aqueous solutions containing Table 3 .1, represents the electrostatic effects resulted from the pyrimidine anion and hydrated electron. Similar trends in the rate constant values were reported with mono and dianionic forms of both purines and pynmidines.6 
Spectra a) 4, &dihydrtq-2-methy&yrim idine @HMP)
The time resolved absorption spectra obtained at pH 4.5 from the reaction of e-, with DHMP in the presence of propan-2-01 is shown in Figure 3 .2.
Propan-2-ol was used in all of the spectral measurements to avoid any contribution h m the reaction of H' with the selected pyrimidines. The spectrum recorded at 3 p afler the pulse has an absorption maximum at 320 nm with a shoulder at around 380 nm. While this spectrum showed a decay at 320 nm (k = 5.5 x 1 o4 s'l), a further growth in absorbance was observed above 350 nm &-= 4 x 1 o4 s") indicative of a transformation of the initial species. As can be seen h m Figure 3 Figure 3 .4.
The spectral characteristics at pH 9 was different from that at pH 4.5. Moreover, the feasibility of protonation at two identical C(4) and C(6) oxygen (as shown in scheme 3.2) makes the protonation more efficient compared to uracil electron adduct. Therefore in the present case it is likely that the radical anion must be getting protonated with a half life < 1 ps (this is the minimum time required to measure the initial spectrum using our experimental set-up) and the proposed structure is I (scheme 3.2) which is in resonance with 11. Such fast protonation is justified based on the earlier reports on the protonation at oxygen or nitrogen in the case of uracil (k 5 x 1 0 ' 5') and cytosine14 (k N 3.5 x lo6 c'). represents the full yield of electron adduct (Table 3. 2). Therefore, it is expected that the unpaired spin in DHMP radical anion (V) is more localised towards the ketyl carbon as reported in other similar pyrimidine electron adduct ~tudies.'~"'
As can be seen from Figure 3 .5, that the spectral nature of the intermediate at pH 13 is similar to that at pH 9, indicating the similarity of the species existing at these two pHs. Since DHMP has its second p~~ at 12.9, the reaction of e' . , , at pH 13 is with a mixture of about 56% dianionic form and 44% monoanionic form of DHMP. The attack at the dianionic form would give rise to a radical trianion in the initial stage which could be immediately protonated by water.
Since the spectral features at pH 9 and I3 are very similar, it will be logical to assume that the trianion radical is getting protonated twice to form a monoanion radical of DHMP with a structure similar to that obtained at pH 9 (scheme 3.3).
The similar spectra obtained both at pH 9 and at 13 may be an indication of a much higher pKB value (> 13) for the monoanion radical of DHMP. The G (MV'+) for DMHP at pH 6 was 2.6 x mol J-' (Table 3. 2). It is calculated that 9% of the G value is from the direct reaction of e,, with MV" under our experimental conditions. Therefore the actual yield of MV" corresponds to 92% of the total electron adduct. A nearly similar value is obtained at pH 12.5 as well. The second order rate constants obtained for the reaction of the electron adduct with MV" are also summarized in Table 3 .2. From the spectral behaviour of the electron adduct of DMHP at pH 4.0, 6.0 and 12.5, it can be assumed that at low pH the electron adduct is protonated.
The protonationldeprotonation equilibrium, determined at 430 nm (Figure 3.7) , gave an inflection point around 6.0. Therefore, the species existing at higher pH such as at pH 12.5 (the spectrum is identified with its A , , at 3 10 nm) is the deprotonated form of the electron adduct. The initial. fast decay of absorbance observed in the spectra at pH 6 (see Figure 3. has an absoption maximum less than 280 nm at pH 5 . 1 .~~ Therefore, it can be concluded that the species with A, , at 300 nm is the 0(4) protonated electron adduct of DMU which is in its deprotonated form at higher pH as shown in reaction 3.4.
The high yield of MV+ at pH 6 and 12.5 (see Table 3 
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The preferred site of attack of H' in uracil derivatives are the C(5) and C(6) position?-" Therefore, similar sites of attack are likely in the case of DHMP. It is thus assumed that C(6)-yl radical is formed from the attack of H' at the C(5) position of DHMP as H* is an electrophile and therefore, it can attack at the more electron rich C(5) position (scheme 3.2). The difference in the absorbance at lower and higher pHs as can be seen in Figure 3 .1 1, must be due to the protonation of the parent pyrimidine. This difference is more prominent with DMHP at pH 1.0 where it is fully in its protonated form. At this point, it is interesting to compare the transformed electron adduct spectrum at pH 4.5 and the spectrum at pH 7.5 in presence of phosphate ( Figure 3.4) with the H adduct spectrum at pH 4.5 in the case of DHMP (Figure 3.1 1(a) ). It can be seen that these three spectra are similar and hence i t is logical to assume that the Similar to DHMP, formation of C(6)-ylC(5)H radicaI is proposed in the case of DMHP which exists in its deprotonated form at pH 6. However, in the case of DMU and MU, both C(5)-ylC(6)H and C(6)-ylC(5)H radicals are proposed to be formed. Based on the preferential formation of C(5)-ylC(6)H radical in the case of thymine," it can be expected that a similar trend is likely in DMU and MU. It can be further seen from the H adduct spectrum of DMU ( Figure 3.1 1 (c) ) that at h<300 nm there is a disproportionate difierence between the spectrum at pH 6 md pH 1. This difference is mainly due to the interference of the DMU anion spectrum which has a A, , at 295 nm as discussed in section 3.2.2 (c).
The G(-substrate) values for the reaction of e-,, with selected pyrimidines were determined by monitoring the degradation at the respective absorption maxima of the parent pyrimidines (lo4 mo1 dm-') at different absorbed doses using UV-VIS spectrophotometer. The absorption maxima for DHMP, DMHP, DMU and MU are 255, 230, 267 and 260 run, respectively.
The overlay spectra obtained from UV-VIS spectrophotometer for the degradation of DMHP by ePq (1 0 " rnol dm') DMHP and 0.2 mol dm" 2-methyl propan-2-01 saturated with h) using Coy-source at pH 6 is shown in Figure 3 .12.
The doses used are 0 to 5 kGy. The concentration of the substrate decreases with increasing dose. At 5 kGy the absorbance value becomes almost steady.
The G values for the substrate decay obtained are given in Table 3 .4. The G (-S) values are around 1 and represent only about 36 % of the expected value which is around 2.8 x 10" mol J-I. A possible explanation to this reduced value is the fact that the products formed after the e"a, attack may also contribute to the absorbance at the wavelengths used for G(-S) calculation (200-300 nm).
Kinetic and S~ectvul lnvestinaiion .... 100
The electron transfer fiom the pyrimidine electron adducts to 5-brornouracil was also investigated by monitoring the release of free uracil (fiom 5-bromouracil) using HPLC (Figure 3 .13) after y-radiolysis of a solution typically contained 10" mol dm-' pyrimidine and 1 o4 mol dm" 5-brornouracil at neutral pH. The yield of uracil (G(U)) values obtained from this study compiled in Table 3 products could be made. However, a stepwise elimination of water from the dimeric products of pyrimidine is reported using conventional chromatographic t~c h n i~u e .~~ DMHP also gave similar product pattern like DHMP at pH 6 (scheme 3 -5).
The products g and h (where h is the starting compound, DMHP) are the result of a disproportionation reaction. The mlz vdue corresponds to the dirner i is however was not seen in the MS data. On the other hand the products j and k resulting from the successive water elimination of the dimeric product i were seen ( dimethyl pyrimidine h. nature of the substituents at the pyrimidine ring has a profound effect on the redox properties of the electron adducts as the C protonated electron adduct of DHMP transfers an electron to radiosensitizers such as MV~'. The C(5) and C(6) protonation of the electron adducts of DMHP, DMU and MU by phosphate is found to be a very slow prww at least in the pulse ladiolysis s a l e ( k < 1 o4 s-I).
5-hydro-6-hydroxy-2,4-dimethyl
Product analysis from the reaction of e-, with pyrimidine has been a relatively unattended area and this study identified a number of important products resulted from mainly disproportionation and dimerisation of the protonated electron adducts of DHMP and DMHP. These data, reported the first time with 
HPLC-ES-MS, is
